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I. INTRODUCTION 
In contrast with an earlier period in the development 
of macroeconomics, the basic problem now facing e conomists 
is not to explain the empirical evidence of the relationship 
between the rate of inflation and the rate of unemployment 
originally described by Phillips. The problem that 
economists face now is whether there exists a "natural rate 
of unemployment". The term 11 natural rate of unemployment" 
was first clearly stated by Friedman. According to the 
statements of Friedman, the natural rate "does not refer to 
some irreducible minimum of unemployment. It refers rather 
to that rate of employment which is consistent with the 
existing real condition in the labor market" (1976, p. 228). 
"There is no long- run, stable trade - off between inflation 
and unemployment" ( 1966, p. 60). "There is always a 
temporary trade- off between inflation and unemployment; 
there is no permanent trade-off. The temporary trade - off 
comes not from inflation per se, but from unanticipated 
inflation, which generally means, from a rising rate of 
inflation" (1968, p. 11). These discussions imply that the 
natural rate of unemployment is the rate that obtains when 
there is no unanticipated inflation, not some irreducible 
minimum of unemployment. 
To gain an insight into the relationship between the 
rate of inflation and the rate of unemployment, the Phillips 
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curve is considered firstly. The Phillips curve began as 
the result of an empi rical investigation of U.K. wage 
behavior by Phillips 1 (1958), who discovered that periods of 
low unemployment were highly correlated with periods of high 
money wage change in the United Kingdom. That is, the 
original Phillips curve describes a trade-off relationship 
between the rate of unemployment and the rate of change in 
money wage. Lipsey (1960) extended this relationship and 
put it into a theoretical analysis. This relationship was 
also found to hold for U.S. data and set in a policy context 
by Samuelson and Solow (1960). Therefore, it was widely 
believed to be a truth that there existed a stable 
relationship between unemployment and money wage change. 
However, as the inflation of the mid-1960s and 1970s 
unfolded, data generated in the United States and elsewhere 
destroyed all faith in the alleged stability of the Phillips 
curve. In a study of Rees and Hamilton (1967), an unstable 
Phillips curve was found. Rees and Hamilton (1967) also 
offered the possibility of the existence of a family of 
Phillips curves. Later than, the researches of Perry (1970) 
and Schultze (1971) found that since the mid-1960s the 
short-run U.S. Phillips curve has shifted up . Also, from 
1 Actually, the pioneer in this area is Irving Fisher, 
not Phillips. Irving Fisher investigated the relationahip 
between unemployment and the rate of inflation in 1926. 
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the theoretical analysis , it can be found that the original 
Phillips curve contains a fatal flaw~the failure to 
distinguish between nominal wages and real wages. Phillips 
assumed that people anticipate that prices would be stable, 
thus price expectations will remain unchanged no matter what 
happened to actual prices, and a change in nominal wages is 
equal to a change in real wages. However, if people 
anticipate that the price level will increase at a specific 
rate, then nominal wages must rise at this rate to keep real 
wages unchanged. It is very clear that changes in nominal 
wages are not equal to changes in real wages all the time . 
The empirical failure and the theoretical defect 
produced an attempt to rescue the Phillips curve approach by 
distinguishing a short-run from a long- run Phillips curve. 
Because both workers and producers face either formal 
contractual agreements or informal arrangements covering a 
long period, both of them have to guess what real wage will 
correspond to a given nominal wage. Therefore, they have to 
form anticipations about the future price level. If prices 
have been stable for a long time, workers and producers will 
expect that the rate of inflation will be zero. Suppose a 
monetary expansion (or an increase in government 
expenditure) causes nominal aggregate demand to grow, which 
in turn causes prices and nominal wages to rise. Workers 
will initially interpret this increase in wages as a rise in 
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their real wages~because they expect the price level not to 
change. Employees thus will be willing to work more hours, 
and the unemployed will be willing to take jobs which they 
would not be willing to take at former nominal wages. 
Therefore, employment grows, production increases and 
unemployment falls. Producers are more directly concerned 
about the price of products they are producing, though they 
may have the same expectations as workers about the general 
price level. Producers wil l initially interpret the 
expansion in aggregate demand as an increase in demand for 
their products and so implying a fall in the real wage they 
must pay for their products. Hence, producers are willing 
to hire more labors, leading unemployment to fall and 
production to rise. But, this just is a short- run effect . 
As time passes, both workers and producers will 
eventually recognize that prices in general are rising. 
Consequently, both workers and producers will adjust their 
anticipations of the price level, i . e., they raise their 
estimates of the expected rate of inflation. They reduce 
the rates of increase of expected real wages. Workers will 
then offer less work, some of them will even quit since the 
real wages are not so high to lead them to take jobs. 
Producers will reduce their demand for labors. The combined 
result is that employment and output fall, and unemployment 
increases. On the condition that the nominal wage is 
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changing at the same rate as the anticipated rate of 
inflation, the employment, output and unemployment will 
return to their original rates. This implies that there is 
no long- run trade-off between inflation and unemployment 
after people fully adjust their expectations. Furthermor e, 
a government policy that is designed to produce a specific 
rate of inflation cannot permanently reduce the rate of 
unemployment (or increase the output level). Unemployment 
can be held below the natural rate only by an unanticipated 
inflation. 
According to the foregoing analysis, people have to 
adjust their expectations by forming anticipations about the 
future price level. But, how do they anticipate the future 
price level? There are two main hypotheses about the 
formation of anticipations: adaptive expectations and 
rational e xpectations. Adaptive expectations are formed b y 
changing the forecast for the past period by some fraction 
of that period's forecast error, i.e., the diffe r ence 
between the actual rate of inflation and anticipated 
inflation, that is, 
.* 
pt-1 = 
. * 
IB I < l, 
where Pt stands for inflationary expectations for time t, 
Pt - l stands for rate of inflation for time t- 1 , 
and B is correction fraction . 
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Expectations at time t depend on all past period information 
on inflation. Although adaptive expectaions approach has 
worked well in many problems, it still has some 
shortcomings. Since adaptive expectations approach depends 
only on the past information of the particular variable 
being forecast, it may ignore some useful information which 
may affect that variable too. Furthermore, if we try to 
test the natural rate hypothesis, we need to form 
anticipations which can fully forecast changes in prices. 
However, the adaptive expectations approach, under some 
policies, may have an expected forecast error not equal to 
zero, i.e., it may not be able to forecast changes in prices 
completely, and this may cause adaptive expectations 
approach to be rejected as a component of the natural rate 
hypothesis. 
The rational expectations hypothesis was originally 
advanced by Muth (1961) in 1961. When the expectations of 
inflation are "rational", there is an unbiased predictor of 
actual inflation, given all information publically 
available. The current rate of inflation and the expected 
rate of inflation differ only by a random forecast error, 
which is uncorrelated with everything known. Based on the 
rational expectations hypothesis, a number of theoretical 
analyses have been discussed by economists, such as Barro 
(1976), Gordon (1976), Lucas (1972, 1973), Maddock and 
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Carter (1982), Poole (1976), Sargent (1973), Sargent and 
Wallace (1976), and Shiller (1978), and their conclusions 
gene rally support the view there is no trade- off 
relationship between inflation and unemploymen t in the l ong -
run, i.e., there is a natural rate of unemployment (or 
output). 
Until recently, everyone has admitted that the slope of 
long- run Phillips curve is steeper than that of the short-
run Phillips curve, but many people are not willing to 
accept that the long- run trade- off is zero. The purpose of 
the present paper is to employ the rational expectations 
hypothesis to consider the relationship betwe en prices and 
unemployment (or output}, that i s, the present paper 
attempts to test the natural rate hypothesis under the 
assumption of rational expectations. In addition , for 
comparison, we also will attempt to test natural rate 
hypothesis under the assumption o f adapti v e expectations . 
Furthermore, we will derive the reduced forms to see the 
short-run effects of government poli c ies on output, 
employment, and unempl oyment. Finally, the simulation and 
forecasting will be done to evaluate our model. 
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II. THE THEORETICAL MODEL 
In order to develop a model whi c h directly concerns the 
relationship between the price l evel and the output lev el 
(or employment level), we begin by looking first at the 
formation of the traditional macroeconomic model (Branson 
1979, Chapters 2 to 9). 
A. The Pr oduc t Market 
Assuming a closed e c onomy, the product market consists 
of a consumption function, investment function and exogenous 
government expenditure. The equilibrium conditions are 
described by the equations 
(2 . 1) Yt =Ct + It +Gt, 
(2.2) Ct= C(Yt- Tt), 
(2.3) It I < 0, r 
0 < T' (Yt) < 1, 
where Yt real income at time t, 
Ct = real consumption at time t, 
Tt = real tax receipts at time t, 
It = real investment at time t, 
Kt = exogenous r eal capital stock at time t, 
Kt = change of real capital stock at time t, 
rt = nominal interest rate at time t, 
Gt = exogenous government expenditure at time t. 
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The real consumption depends positively on real disposable 
income, Yt - Tt, real investment (change in real capital 
stock) depends not only negatively on the rate of interest 
but also exogenously on real capital stock, real tax 
receipts depend positively on real income, while government 
expenditure is exogenously determined. Substituting 
equations (2.2), (2.3) and (2.4) into equation (2.1) yields 
the familiar IS curve 
Equation (2.5) describes the equilibrium condition of 
product market. As income increases, consumption rises, but 
by less than income. The only way the excess output can be 
absorbed is by additional investment, the interest rate must 
fall. This implies that the combinations of (Yt' rt) will 
keep the product market in equilibrium, and IS curve is a 
downward sloping curve. An exogenous increase in government 
spending leads IS to shift upward. An exogenous rise in 
real capital stock will shift investment function downward, 
which in turn shifts IS to left. 
B. The Money Market 
The IS curve only determines pairs of (Yt' rt)' which 
are consistent with equilibrium in the product market. To 
obtain the unique (Yt, rt) pair for full equilibrium, we now 
10 
look at the money market, which consists of the demand for 
money function and supply of money function. 
The real demand for money balance is assumed to be 
given by the relation 
L < 0, r 
where Pt = price level at time t, 
M~ the nominal demand for money at time t. 
Since people can put their liquid assets into either money 
or bonds, as interest rate rises, or the rate of return on 
bonds rises, they may put more of their assets into bonds 
and less into money, the real demand for money thus falls. 
When real income rises, given the nominal interest rate, the 
demand for transactions money increases, causing total real 
money demand to rise. Thus, the real demand for money 
depends positively on real income, but negatively on the 
nominal interest rate. 
On the supply side of money market, the nominal money 
supply at time t, s Mt, consists of currency held by the 
public at time t, ct, plus demand deposits held by the 
public in the commercial banking system at time t, Dt' i • e •I 
M~ = Ct + Dt. Both Ct and Dt are assumed to be fixed, so 
that the money supply is fixed exogenously. 
equilibrium in the money market thus is 
(2.6) 
Given Ms 
t 
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Equation (2 . 6) defines the well-known LM curve. The 
combinations of (Yt, rt) will keep the money market in 
equilibrium, with a given level of money supply and a given 
price level. An increase in the interest rate leads to a 
fall in the demand for money, with a fixed money supply, and 
equilibrium can be maintained only by increasing the income 
level to increase the transactions demand. This implies 
that LM is an upward sloping curve. Changes in money supply 
and in price level will shift the LM curve. The price level 
in LM here is assumed to be given , but it is more likely 
that price level is endogenously determined. 
C. The Price Adjustment Equation 
Under the assumption that the price level is 
endogenously determined, we have two equations involving 
three endogenous variables, Yt, rt, and Pt. This model is 
underdetermined. 
The model is incomplete with a variable price level . 
To complete this model, according to Turnovsky (1977, p. 
107), we can posit a price adjustment equation. Letting Wt 
be the money wages at time t, we assume a Phillips curve 
employing the "expectations hypothesis" of wage 
determination 
(2.7) 
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where f' (ut) < 0, 0 ~ c 5 1, 
ut = the unemployment rate at time t, 
1 dPt * 
<p-crt> 
t 
= the expected rate of inflation of time t, 
the rate of money wage inflation at time t. 
The coefficient of f (ut) measures the relationship between 
the rate of nominal wage inflation and the rate of 
unemployment. A lower level of unemployment implies that 
there is an excess demand for labor that will produce an 
upward pressure on expected real wages, and therefore in 
nominal wages in the short- run, holding price expectations 
unchanged. Similarly, a higher level of unemployment 
implies that there is an excess supply of labor which will 
cause a downward pressure on nominal wages in the short-run. 
Therefore, the level of unemployment depends negatively on 
nominal wages, if expected prices remain unchanged. Now, 
let us translate this labor market analysis into a Phillips 
curve analysis. We have the relationship between nominal 
wage inflation and unemployment rate, that is, the rate of 
unemployment is negatively related to nominal wage inflation 
in the short-run, holding inflationary expectations 
unchanged. The coefficient c measures the relationship 
between the rate of inflationary expectations and the rate 
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of nominal wage inflation. As c = 0, expected inflation has 
no effect o n the nominal wage inflation. This implies that 
nominal wage inflation depends only on the unemployment 
rate. As c = 1, equation (2.7) becomes 
When the expected prices are completely adjusted, nominal 
wages rise by the same proportion as expected price level. 
Nominal wage inflation then will be equal to the expected 
rate of inflaion, so that the unemployment rate is 
independent of the rate of nominal wage inflation. This 
implies that there exists a natural rate of unemployment. 
Assuming that the unemployment rate ut is approximately 
equal to (Nt- Nt) / Nt' then 
where Nt = the level of employment at time t, 
Nt = full employment level at time t . 
Furthermore, we assume that prices are set as a constant 
mark-up on unit labor costs, i.e., 
(2.9) Pt= mULCt, 
(2.10) ULCt = WtNt/Yt' 
where ULCt = unit labor costs at time t, 
m = mark- up factor, assume to be constant . 
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Substituting equation (2.10) into (2.9), then taking 
percen~age changes or this new equation yields 
(2.11) 
1 d(Yt/ Nt) 
( Yt/Nt) dt 
average labor productivity at time t. 
The rate of inflation equals the sum of the rate of money 
wage inflation and the rate of growth of average labor 
productivity. Finally, we assume that the rate of average 
labor productivity growth is fairly steady, 2 which implies 
1 d(Yt/Nt) 
= Con, 
(Yt/ Nt) dt 
where Con = constant. 
Substituting this expression into equation (2.11), we have 
(2.12) 
1 dWt 
= Con + W dt . 
t 
Substituting equations (2.8) and (2.12) into equation (2 . 7), 
we develop a price adjustment equation of the form 
2 The growth rate of the average labor productivity in 
the United States was fairly steady in the early 1960s. 
From 1966 to 1975, the rate of growth of productivity was 
reduced . According to the estimation of the Council of 
Economic Advisers, the rate of growth of productivity was 
about 2 percent per year for the late 1970s. Although the 
assumption of steady growth of the average labor 
productivity is not a reasonable assumption in recent years, 
for simplifying our model, we still use this assumption in 
this paper. 
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(2.13) 
If prices and wages are fully adjusted, the natural rate 
hypothesis exists only when c = 1. 
D. The Production Function 
From equations (2.5), (2 . 6), and (2.13), we still 
cannot obtain a unique solution. The system now has three 
equations involving more than three endogenous variables, 
* Yt, rt' Pt, Nt, and Pt. The model is still incomplete. We 
need more equations to complete this system . First, we 
assume that real output depends on two inputs: real capital 
stock and labor input. The production function thus can be 
written as form 
We assume that F has the properties of positive, but 
diminishing marginal product of labor input, and real 
capital stock is exogenously determined. As real capital 
stock increases exogenously, the production function will 
shift upward. Given the level of employment, the level of 
output thus increases. 
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E. The Price Expectations Hypothesis 
In equation (2 . 13), there exists an inflationary 
expectations term. In the present paper, we attempt to use 
the adaptive expectations and rational expectations 
hypothesis to forecast future inflation rates. Adaptive 
expectations depend on all past period infomation. Price 
expectations are exogenously determined. Therefore, from 
equations ( 2. 5) , ( 2. 6), ( 2 . 13) and ( 2. 14), we have a 
complete model. The way rational expectations are formed, 
however, depends heavily on the structure of the relevant 
system described by equations (2 . 5), (2.6), (2.13), and 
(2 .14) . 3 Price expectations should be treated as an 
endogenous variable. Rational expectations, by definition, 
are the conditional expectations of the variable being 
forecast using all available information up to the time of 
forecast . Rational expectations thus can be formed as 
satisfying 
"* where Pt 
It-l = the information avail able up to time t-1 . 
3 According to the discussion of Muth (1961), the 
coefficients in rational expectations formula should depend 
on the coefficients of demand and supply . 
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The inflationary expectation at time t is the conditional 
mathematical expectation of the rate of inflation expected 
at time t - 1, using information available up to the time t - 1. 
F. The Complete Theoretical Model 
The complete system, under the assumption of rational 
expectations, is rewritten as follows: 
(2.16) Product market equilibrium: (IS) 
(2 . 17) Money market equilibrium: (LM) 
M~ = PtxL(Yt, rt)' 
(2.18) The price adjustment equation: 
(2.19) The production function: 
(2.20) The rational expectations hypothesis: 
These equations define five relationships involving the five 
'* endogenous variables Yt, rt , Pt, Nt, and Pt' the exogenous 
variables Kt, Gt, Nt ' M~, t , and It_1 . Under the 
assumption of adaptive expectations, the complete model 
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contains only equations ( 2.16 ) to (2.19). The endogenous 
variables involved are Yt, rt, Pt, and Nt, and the exogenous 
variables involved are Kt, Gt, Nt , Ms t and 
t. A once-and-
for-all increase in government expenditures will shift the 
IS curve to right. A once-and-for-all increase in money 
supply will cause the LM curve to shift rightward. Both 
rightward shifts in LM and IS curves will lead aggregate 
demand to increase, which in turn creates an excess demand 
at the original price level, so prices rise. In the short-
run, the expected price level (or expected inflation rate) 
will remain unchanged . An increase in the price level 
increases nominal wages, causing employment and output to 
rise. However, after observing the actual price level, 
people will adjust their price anticipations, and the 
expected price level will increase . Therefore, in the long-
run, if there exists a natural rate of unemployment or 
output, after price expectations are completely adjusted, 
real wages will remain unchanged, and employment and output 
will return to their initial rates. Employment and output 
will not deviate from their natural rates. Furthermore, 
government policies will affect employment and output level 
only when people do not expect a change in the price level. 
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Ill. THE EMPIRICAL MODEL, AND DATA 
A. The Empirical Model 
To be able to test the natural rate hypothesis, the 
theoretical model must be changed into an empirical model 
which can be estimated . Following the models described by 
Sargent (1973) and Shi ller (1978), the product market 
equilibrium and money market equilibrium can be postulated 
as forms (3.1) and (3.2), respectively. 
( 3. 1) Yt = ao + al rt + a2gt + a3kt + a 4t + elt' 
(3.2) mt Pt bo + bl rt + b2yt + b3t + e2t' 
where Yt = the log of real income at time t, 
gt = the log of real government purchases of goods 
and services at time t, 
rt nominal interest rate at time t, 
mt = the log of nominal money supply at time t, 
kt = the log of real capital stock at time t, 
Pt the log of price level at time t. 
These expressions describe that real income, yt, is a linear 
function of rt' gt' kt' and t with respect to a0 , a 1 , a 2
, 
a 3 , and a 4 . Real money supply, mt - pt, is a linear 
function of rt' yt , and t with respect to b
0
, b
1
, b
2
, and 
b 3 , e 1 t and e 2 t are mutually independent, identically 
distributed variables with zero means. 
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In the price adjustment equation, we first postulate 
the linear relation 
(3.3} c' + 0 
written as 
(3.4} c' + 0 
where nt = the log of employment level at time t, 
-nt = the log of full employment level at time t. 
Since (l/ Xt)(dXt/ dt) - lnXt - lnXt- l' the rate o f inflation 
and the rate of expected inflation can be changed into forms 
as 
(3.5) (l/ pt}(dpt/ dt} =pt - Pt-l ' 
* * (3.6) [(l/ pt)(dpt/ dt}j =Pt - Pt-l ' 
where pt = the log o f price level at t ime t, 
pt-l = the log of price level at time t -1 , 
* pt = the log of expected price level at time t. 
Based on equations (3.4} , (3.5), and (3.6), the price 
ad justment equation thus can be postulated as 
(3.7} * Pt - Pt-1 =co+ cl(nt- nt} + c2(pt- pt-1> + e3t' 
where c
0 
= Con + c0, 
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In the short-run, inflationary expectations are zero, 
the rate of inflation is negatively related to the rate of 
unemployment, which is negatively related to the rate of 
employment. Therefore , c
1 
should be negati v e. After 
expected prices are fully adjusted, the natural rate of 
employment e x i sts only when c
2 
= 1. 
In the production function, we assume that production 
function i s a Cobb-Douglas production function 
(3 .8 ) 
In the logarithmic terms, equation (3.8) becomes 
(3 . 9) yt = d 0 + d 1nt + d 2 kt + d 3 t + e 4 t, 
where d0 = ln d . 
In our model, we have an unobservable term, expected 
price level. To be able to estimate our model, we need to 
use a proxy for price expectations. Under the assumption of 
adaptive expectations, we assume the expected p rice for time 
t is: 
(3.10 ) 
(3.11) 
* * * pt - Pt- 1 = B(pt-l-pt-1) or 
* * pt BPt-1 + (l-B)pt-1 
= B[pt-1 + (l-B)pt-2 + 2 3 (1-B) Pt_ 3 + (1-B) Pt_4 
+ ... ] 
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Equation (3.11) expresses that price expectations 
depend on all past prices. There are infinite lags of the 
price level in equation (3.11). To remove the infinite 
lags, we follow the procedure described by Lucas and Rapping 
(1969, 1970 ). That is, we substitute equation (3.11) into 
* our model to eliminate pt, then use a Koyck transformation 
to remove infinite lags of prices. Finally, we have the 
price adjustment equation as: 
<3 · 12 > Pt - Pt- 1 =Ao+ Al(nt - nt) + A2(nt-1-nt-1> 
+ A3(pt- l-pt- 2) + eSt' 
where AO = Bc0 , 
Al = Cl I 
A2 = - c 1 (1 - B), 
A3 = (l - B)(l-c2 ), 
est = e3t - (l - B)e3(t- l). 
From equations ( 3. 1), ( 3. 2), ( 3. 9), and ( 3. 12), a 
complete empirical model with adaptive price expectations 
can be summarized as follows: 
(3.17) Product market equilibrium 
(3.18) Money market equilibrium 
(3.19) The price adjustment equation 
23 
Pt - Pt-1 =Ao+ A1<nt-nt> + A2(nt-1 - nt-1> 
+ A3(pt-l-pt-2) + eSt' 
(3.20) The production function 
Under the assumption of rational expectations, expected 
prices are determined by the information available up to 
date. We will assume that available information includes 
all exogenous variables. To complete the model, the 
behavior of exogenous variables must be specified. 4 We will 
assume mt, gt' kt, and nt are functions of trend, past 
values of price level, money supply, government purchases, 
4 The reason of specifying the behavior of exogenous 
variables is given as follows: 
Assume that the reduced form of price level is 
where xt . , i = 0, 1, 
- l. 
• • • I represent the exogenous 
variables in the model, a 0 , a 1 , a 2 , ... , are parameters, and 
ut are disturbances. Since the expected prices, under the 
assumption of rational expectations, are the conditional 
mathematical expectations of the actual prices, we can take 
the conditional expectation of equation (3.21), and obtain 
* (3.22) pt = Et-l[Ptlxt, xt-1' xt-2' ... ] 
= ao + alEt-lxt + a2xt-l + a3xt-2 + . · · 
It is clear that the information at time t is not available 
when we anticipate prices at time t-1. Therefore, we have 
to specify the behavior of exogenous variables to complete 
our mode l. 
24 
capital stock, and full employment level. The price 
expectations thus can be f orrned as 
* (3.23) pt 
-
gt-1' gt-2' . .. , kt-1' kt-2' ... , nt-1' 
nt-2' ... , t]. 
To estimate the model, a proxy for expected prices is 
required. Since rational expectations are unbiased 
predictors of actual prices, the forecast prices and actual 
prices differ only by random forecast errors. That is, 
where ut are serially independent, identically, normally 
distributed random variables. Substituting equation (3.23) 
into the above expression, we have 
* pt Et-l[ptJt, Pt-1' Pt-2' ... , mt-1' mt-2' . . . , gt- 1' 
gt-2' · · ·' kt-1' kt-2' · · · ' nt-1' nt-2' · · · 1 + ut. 
If we postulate equation (3.23) as a linear function of 
exogenous variables, we have 
... + 
. . . + 
... + 
... + 
01kt-1 + 02kt-2 + 
8 t + ut . 
According to the procedure described by Sargent (1973, 
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1976) and Mccallum (1976), the proxy for expected prices can 
be obtained by regressing equation (3.24), using ordinary 
least squares procedure. The predicted pt, pt, obtained 
from regressing equation (3.24) is the proxy for expected 
* prices and can be used to replace pt when we estimate the 
whole system. 
From equations (3.1), (3.2), (3.7), (3.9) and (3.23), a 
complete empirical model with rational price expectations 
can be summarized as follows: 
(3.25) Product market equilibrium 
(3.26) Money market equilibrium 
(3.27) The price adjustment equation 
cl(nt-nt) pt - Pt-1 = c + 0 
(3.28) The production function 
Yt = do + dlnt + d2kt + d3t 
(3.29) The rational expectations 
* 
+ 
+ 
* c2(pt-pt-l) + e3t' 
e4t' 
Pt = Et-l[PtlPt-1' Pt-2' · · ·' mt-1' mt-2' · · ·' 
gt-1' gt-2' •••I kt-1' kt-2' • 0 •I nt-1' 
-
nt-2' . .. , t]. 
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B. The Data 
Before estimating our model, we discuss the measures 
and sources of the data in this section . U.S. quarterly 
time series data covering the period f rom the first quarter 
of 1963 to the fourth quarter of 1979 are used in the 
present paper. 
yt represents the log of real GNP in 1972 dollars, gt 
represents the log of real government purchases of goods and 
services in 1972 dollars, pt is the log of GNP deflater, 
which is equal to the log of the ratio of nominal GNP to 
real GNP. Real GNP, real government purchases, and the GNP 
deflator are obtained from OECD Main Economic Indicators: 
Historical Statistics, 1960- 1979 . nt and nt represent the 
log of full employment and employment level, respectively. 
Data of these two variables are obtained from Business 
Condition Digest. 
Since k t represents the log of real capital stock. 
data on capital stock are scarce and unreliable while 
investment data are available and much more reliable, an 
approximation of capital stock can be shown by 
k = T 
1962 I V 
I 
t=- oo 
T = 1963I, ••• I 1979IV, 
where It 
1962IV 
is real investment at time t. Assuming that 
I 
t =- oo 
It' which is the v alue of capital stock at the end of 
27 
the fourth quarter of 1962, is constant, this term will 
appear as the intercept in equations involving kt. 
Therefore, the value of real capital stock can be obtained 
by accumulating real investment of every period plus a 
constant which will be included in the intercept of an 
equation. Investment includes fixed investment and change 
in inventory, which are available in OECD Main Economic 
Indicators : Historical Statistics, 1960-1979. 
mt represents the log of nominal money supply . In the 
present paper, money supply is the sum of currency held by 
the public and demand deposits held by the public in the 
commercial banking system . The data also can be found in 
OECD Main Economic Indicators: Historical Statistics, 
1960-1979. 
rt represents the nominal interest rate. The data of rt 
used in this paper are Moody's Aaa rate. The monthly data 
can be found from various issues of The Annual Report of the 
Council of Economic Advisers. To obtain the quarterly 
figures, we can average the monthly figures. 
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IV. EMPIRICAL RESULTS 
A. Estimates of the Structural Parameters 
In our empirical model, no matter what assumption of 
price expectations we use, it is clear that the whole system 
must be determined simultaneously. That is, the model we 
have in the present paper is a system of linear simultaneous 
equations . If we estimate a simultaneous equation system by 
using ordinary least squares, the estimated structural 
parameters will be biased and inconsistent. To deal with 
these problems, there are many methods that have been 
developed . In general, there are two approaches to the 
estimation of simultaneous equation systems . One approach 
is based on the maximum likelihood principle, such as the 
full information maximum likelihood estimator, the limited 
information maximum likelihood estimator; the other can be 
interpreted as the use of instrumental variables, such as 
the two stage least squares method, and the three stage 
least squares method. Since the computations of the full 
information maximum likelihood estimator and the limited 
information maximum likelihood estimator are burdensome, for 
computational simplicity, we will use the two stage least 
squares estimator, which is asymptotically equivalent to the 
limited information maximum likelihood estimator, to 
estimate the model in the present paper. 
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The two stage least squares method developed by Theil 
(1971) includes two main stages to estimate a single 
equation in a system of simultaneous equations. In the 
first stage, endogenous variables are fitted on all the 
predetermined variables, using ordinary least squares. From 
this stage, the predicted values of endogenous variables can 
be obtained. In the second stage, the endogenous variables 
which are in the right hand side of a structural equation 
can be replaced by their predicted values obtained from the 
first stage. Then, by using ordinary least squares, the 
estimated parameters in a structural equation can be 
obtained. To obtain estimates for all structural parameters 
in the system, the procedure described above can be repeated 
for each structural equation. 
The two stage least squares method described above is 
under the assumption that the structural disturbances are 
independently, normally distributed. Suppose that the 
structural disturbances are not independent over time, the 
straightforward application of the two stage least squares 
procedure leads to consistent estimates of the structural 
parameters, but the estimates of the variance- covariance 
matrix are inconsistent. In the present paper, the way to 
deal with the problem of estimating the parameters of 
structural equations in a simultaneous equation system with 
first-order autocorrelated structural disturbances follows 
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the principle described by Klein (1974, pp . 207 - 210) . Klein 
suggests a modified two stage least squares procedure to 
deal with the autoregressive nature of structural 
disturbances. The procedure requires correction of serially 
correlated distrubances at both the first stage and second 
stage of the two stage least squares regressions. In this 
paper, we will use the Cochrane-Orcutt two- step procedure to 
correct serial correlation problem in our model . 
Furthermore, the way to test serial correlation in a 
simultaneous equation model is described by Harvey and 
Phillips (1980). According to their discussions, the 
Durbin- Watson statistic obtained from the two stage least 
squares procedure can be used for a bounds test as proposed 
by Durbin and Watson (1950). When using the table of upper 
and lower bounds, the number of variab l es is the number of 
all exogenous variables in the whole system, including a 
constant term. 
1. The model under the assumption of adaptive expectations 
For convenience, we repeat the model as follows: 
(3.17) Product market equilibrium 
Yt = ao + alrt + a2gt + a3kt + a4t + elt' 
(3.18) Money market equilibrium 
mt - Pt = bo + blrt + b2yt + b3t + e2t' 
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(3.19) The price adjustment equation 
Pt - Pt-1 =Ao+ Al(nt- nt) + A2(nt- 1-nt- 1) 
+ A3(pt- l-pt-2) + e5t' 
(3.20 ) The production function 
In this model, the estimated a
1
, a
3
, b
1
, A1 are expected to 
be negative, and estimated a
2
, b
2
, A
2
, A3 , d 1 , d 2 are 
expected to be positive. The estimated structural 
parameters of c
0
, c
1
, c
2 
and the correction fraction of 
adaptive expectations, B, can be solved by a set o f 
equations, A
0
, A
1
, A
2
, A
3
, described in Chapter 3. The 
empirica l result of estimation of this model, using the t wo 
stage least squares method, is shown as follows: 
(4.1) Product market equilibrium 
/\ 
yt = 5.2133 + 0.0075t - 0.0284rt + 0 . 2732gt 
(13.95) (14.11) ( - 3.43) (3.44) 
+ 0.0325kt 
(2.57) 
D- W = 0.3310, SSE = 0.023, 
(4.2) Money market equilibrium 
- 2 R = 0.9829 
/\ /\ 
mt - pt = - 5.9700 - 0.0085t + 0.0186rt + 0.9918yt 
( - 8.52) ( - 9 . 71) (3.01) (9.51) 
D- W = 0.1402 , SSE = 0.0231, - 2 R = 0.6653 
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(4.3) The price adjustment equation 
( 1. 75) (-2.52) 
+ o.5717(nt_ 1-nt_ 1 ) + 1 . 0021( p t _ 1 - Pt_2 ) 
(2 . 64) (1 . 49) 
SSE = 0.0008, - 2 R = 0 . 6838 
(4.4) The production function 
/\ 
y = 1.0495 - 0.0016t t + l.2829nt + 0.0522kt 
( l. 77) ( -1. 86) (9.19) (9.20) 
0.4853, SSE = 0.0128, - 2 = 0.9907 D- W = R 
The number in parentheses are the t - statistics of the 
estimated coefficients. D- W stands for the Durbin- Watson d -
statistic. 
adjusted R2 
SSE stands for the sum square errors. 
- 2 R is the 
/\ /\ /\ 
rt, Yt' nt represent the predicted values of 
rt, Yt' nt ' respecti v ely, obtained from the first stage 
procedure. In equations (4.1), (4.2), and (4.4), the D- W 
values are quite small and are significant to be serially 
corre lated among structural disturbances . In equation 
(4.3), the D- W value is not reported. The reason is that 
the Durbin- Watson d - statistic is not appropriate to an 
equation with lagged dependent variables. On the condition 
that Durbin h - statistic is not available either, we use an 
asymptotically equivalent test suggested by Durbin (see 
Johnston 1972, p. 313) to be a rough measurement of 
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autocorrelation among structural disturbances in equation 
(4.3). The result shows that there is no first - order 
autocorrelation among disturbances at the level of 5 
percent. Since there exists first-order autocorrection 
among structural disturbances, equations (3.17), (3.18) and 
(3.20) are reestimated by the modified two stage least 
squares procedure. The results are 
(4.5) Product market equilibrium 
/\ 
Yt = 5.5350 + 0.0069t - 0.0162rt + 0.2053gt 
(11.28) (10.47) 
+ 0.0308kt 
(2.17) 
(-2.56) 
SSE = 0 . 0050, - 2 R = 0 . 9404 
(4.6) Money market equilibrium 
(2.05) 
/\ /\ 
mt - pt= - 2.7445 - 0.003lt - 0.0050rt + 0.5284yt 
(-3.71) (-2.63) (-0.91) (4.88) 
SSE = 0.0036, R2 = o.3638 
(4.7) The production function 
/\ 
Yt = 3.2287 + 0.0015t + 0.7756nt + 0 . 0444kt 
(3.96) ( 1. 23) (4.04) (4.56) 
SSE = 0.0050, -2 R = 0.9602 
All the estimated structural parameters in equations (4.3), 
/\ 
(4.5), (4.6), and (4.7) have expected signs except a
3
, the 
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estimated coefficient of capital stock in the product 
market. Note that the data of capital stock we have are not 
quite reliab l e. This may be the reason why we do not have a 
right sign of a 3 . 
In the equation (4 . 6), the t - statistic of 
the estimated coefficient of interest rate is very small. 
This implies that the slope of LM curve in our model tends 
to being infinite , i.e., we have a vertica l LM curve. For 
testing the natural rate hypothesis, we need to know the 
estimated c
0
, c
1
, c
2
, and B. The estimated values of c 0 , 
c 1 , c 2 , and Bare 0.0172, - 0.6221, - 0.0907, and 0 . 1812, 
respectively . In this model, we have a quite smal l 
correction fra c tion of the adaptive expectations. The 
A 
negative c 1 shows that a negative relationship between the 
unemployment rate and the inflation rate . Although the 
A 
negative sign of c 2 is unexpected, it is very close to zero . 
Thi s implies that, under the assumption of adaptive 
expectations, the natural rate of unemployment or output is 
not empiri c ally confirmed. 
2. The model under the assumption of rational expectat ions 
For convenient reason, the model is copied from Chapter 
3 as follows : 
(3.25) Product market equilibrium 
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(3.26) Money market equilibrium 
(3.27) The price adjustment equation 
* P t - Pt-1 =co+ cl (nt- nt) + c2(pt- pt- 1> + e3t' 
(3.28) The production function 
(3.29) The rational expectations 
* Pt= aO + alpt-1 + a2pt - 2 + ... + !lmt- 1 + !2mt- 2 + 
+ 6 1kt- 1 + 02kt- 2 + 
... + at. 
In this model, e stimated a 1 , a 3 , b 1 , c 1 are expected to be 
negative, and estimated a
2
, b
2
, c
2
, d
1
, d
2 
are expected to 
be positive. To determine the lags of the predetermined 
variables in the rational expectations approach, we regress 
pt against p, m, g, k, n lagged once, once and twice, and 
one through three times. Then, we use an F-statistic to 
test the hypotheses that the group of coefficients in the 
second lags are zero, and the group of coefficients in the 
third lags are zero. After testing, we decide that the 
price expectations are affected by p, m, g, k, ii with two 
lags. That is, 
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(4.8) pt= - 1 . 5852 - 0.0019t + l.3172pt-l - 0 . 3972pt_2 
- O.lOllmt-l + 0.1575rnt_ 2 + 0.0266gt- l 
- 0.0129gt-2 + 0.0103kt-l - 0.0074kt- 2 
+ o.0116nt-i + o.2944nt_2 
D- W = 2.1726, SSE= 0.0006, -2 R = 0.9999. 
pt can be obtained from this regression, and be 
* substituted for pt in the equation (3.27). The current 
endogenous variables which are in the right hand side of 
structural equati ons can be replaced by their predicted 
values obtained from regressing these endogenous variables 
against current m, g, k, n, and past p, m, g, k, n with lags 
t - 1 and t-2. The results of estimation are shown below. 
(4.9) Product market equilibrium 
I\ 
Yt = 5 . 2864 + 0.007lt - 0.0216rt + 0.2584gt 
(14.49) (16.19) ( - 3.64) (3.33) 
+ 0 . 0288kt 
( 2.37) 
D- W = 0.2957, SSE = 0.0225, 
(4.10) Money market equilibrium 
- 2 R = 0 . 9833, 
I\ I\ 
mt - pt = - 5.9803 - 0.0084t + O.O l661t + 0.9945yt 
(-8.64) (-9.53) (3.30) ( 9.71) 
D- W = 0.2976, SSE= 0.0237, "R2 =0.656s 
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(4.11) The price adjustment equation 
- /\ -0.0016(nt- nt) + l.0014(pt-pt_1 ) = 0.0007 
(0.05) ( - 0.06) (14.54) 
D-W = 2.1706, SSE = 0.0006, 
-2 R = 0 . 7863 , 
(4.12) The production function 
/\ 
Yt = 0.8333 - 0.0019t + l . 3338nt + 0.0526kt 
( 1. 33) (-2 .10 ) (9.06) (9.18) 
D-W 0.4649 , SSE = 0.0130, - 2 = 0.9905. = R 
In this model, only the price adjustment equation shows 
that there is no first-order autocorrelation among its 
structural disturbances . The modified two stage least 
squares procedure is used to reestimate equations (3.25), 
(3.26), and '(3.28). The results are 
(4.13) Product market equilibrium 
/\ 
Yt = 5.6749 + 0.0068t - 0.0127rt + 0.1740gt 
(10.94) (8.57) (-2.60) ( 1. 63) 
+ 0.0325kt 
(1.81) 
SSE = 0.0048, - 2 R = 0.9126, 
(4.14) Money market equilibrium 
/\ /\ 
mt - pt= - 2.7299 - 0 . 0031t - 0.0046rt + 0 .5263yt 
( - 3.46 ) (-2. 71) (-0 . 99) (4.55) 
SSE = 0.0039, - 2 R = 0. 3241, 
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(4.15) The production function 
A 
yt = 2.2699 + 0 . 00006t + 0.9944nt + 0 .0508kt 
(2.79) (0.05) (5.20) ( 4 .79) 
SSE = 0.00 43, R2 = o.9640. 
Similar to the results we have in the adaptive 
expectations model, we have an unexpected sign f o r est imated 
parameter of capital stock term in the product mar k e t . And 
the LM curve tends to be vertical. The big d iffe r ence i n 
two models is that they have different price expec tati ons 
which make the results of estimation in the p r ice adjust ment 
equation significantly different. In this model, the 
A 
negative c
1 
shows the negative relationship between the 
unemployme nt rate and the inflation rate, s upporting the 
existence of a negatively sloped Phillips curve i n the 
short- run. The estimated coefficient of the e xpect ed 
A 
inflation rate, c 2 , is slightly larger than 1, but is n o t 
significantly different from 1 a t 5 percent level . This 
implies that there is a natural rate of unemployme nt or 
output, after expected prices or inflation rates a r e f u lly 
adjusted. 
I n addition , we may note that the struc tural parameter 
estimates in the model with adap tive price expec tati ons and 
the model with rational price expectations are simi l a r but 
not the same in the product market, money market, and 
production func t ion . This is b e c ause we hav e different sets 
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of predetermined variables in these two models, thus we use 
different instrumental variables in the two stage least 
squares procedure. Furthermore, in both models, we can find 
that the corresponding structural parameter estimates d o not 
change significantly, while the t-statistics change 
significantly. This is because that the autocorrelated 
structural distrubances will not produce an inconsistent 
estimator of structural parameters, but will lead the 
estimated variance-covariance matrix to be inconsistent . 
Although we do not have the evidence to support the 
natural rate hypothesis using adaptive expectations for 
prices, we still can make the conclusion that our empirical 
results strongly support the hypothesis of natural rate of 
unemployment (or output) under the rational expecta tions 
approach. As mentioned in the first chapter, the expected 
forecast errors of adaptive expectations may not be equal to 
zero. This implies that adaptive expectations may not be 
the kind of expectation which can fully anticipate the 
changes in economic activity. This may be the reason that 
the adaptive expectations approach is inconsistent with the 
rational expectations approach. In order to s e e the short-
run effects on the government policies under the natura l 
rate hypothesis, we will use the empirical structural 
estimates of the model with the assumption of rational 
expectations to derive reduced forms for endogenous 
variables. 
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B. The Derived Reduced Form 
Once we have estimated each of the structural 
equations , getting the individual effect of the independent 
variables on each of the dependent variables, the next step 
is to take the mode l into its reduced form which takes into 
account the interdependence of the entire system. The 
derived reduced form has a major function that it presents a 
clear picture of the immediate response of endogenous 
v ariables to changes in the predetermined variables. To 
know the immediate effects of unlagged exogenous variables 
on an endogenous variable, we thus have to derive reduced 
forms first . A set of derived reduced form equations can be 
obtained by using the estimated structural equations and 
expressing current endogenous variables in terms of 
predetermined variables . In matrix notation, the 
coefficients of the reduced forms can be obtained by using 
the following procedures: 
1 . Rearrange reduced form equations into the form 
(4 . 17) TY BX, 
where Y is the vector of the endogenous variables 
appearing in the whole system, X is the vector of 
the predetermined variables in the whole system, 
T is the coefficient matrix of endogenous 
variables , and B is the coefficient matrix of 
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predetermined variables. 
2. Inverse matrix T, then premultiply this inversed 
matrix to both sides of equation (4.17). 
3. Finally, the reduced forms can be obtained. 
(4.18) Y =RX, 
where R T-lB is the coefficient matrix of 
reduced forms. 
Applying the procedures described above, the coefficients of 
reduced forms for real output (y), nominal interest rate 
(r), price level (p), and employment level (n) derived from 
equations (4.8), (4.11), (4 . 13), (4.14), and (4.15) are 
shown in Table 1. 
Most of the coefficients of exogenous variables have 
signs in accordance with our expectations . The coefficients 
of these reduced form equations, which measure the effects 
of a one unit change in the exogenous variables in the 
current period, holding other things constant, are called 
impact multipliers. Ac cording to these derived reduced form 
coefficients, if the real government purchase of goods and 
services increases by one percent in the current period, 
real output would increase by 0.0706 percent, employment 
level would increase by 0.0710 percent, and price level 
would increase by 0.0001 percent. If the nominal money 
supply increases by one percent in the current period, real 
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TABLE 1. Coefficients of reduced forms for y, r, p, and n 
Predetermined Endogenous Variables 
Variables Yt rt Pt n 
Constant 7.1664 - 117.7150 -1.5795 4 . 9239 
t 0 .0083 - 0.1248 -0 . 0019 0.0083 
gt 0.0706 8 . 1620 0 . 0001 0 . 0710 
gt-1 - 0.0300 2.3683 0.0266 - 0.0302 
gt-2 0.0146 - 1.1513 -0 . 0129 0.0147 
mt 1.1256 - 88.8358 0.0018 1.1319 
mt-1 0.1140 -8.9941 -0 .1011 0.1146 
mt-2 -0.1776 14.0135 0 . 1575 - 0 . 1786 
kt 0.0133 1. 5180 -0.0001 -0 . 0378 
kt-1 -0.0116 0.9188 0.0103 - 0.0117 
kt-2 0 . 0083 -0.6572 -0 . 0074 0.0084 -
nt 0 . 0018 -0 . 1422 -0.001 6 0.0018 
-
nt-1 -0 . 0808 6.3739 0.0716 - 0.0812 -
nt-2 -0.3319 26 .1925 0.2943 -0.3337 
Pt-1 -1.4832 117 . 0580 1. 3153 - 1.4915 
pt-2 0.4477 -35.3323 -0.3970 0 . 4502 
output would increase by 1.1256 percent, price level would 
rise by 0.0018 percent, employment would increase by 1 . 1319 
percent. From our estimates, it is clear that the impacts 
of monetary policy are much greater than those of fiscal 
policy . Furthermore, these results support the previous 
theoretical analysis that, in the short-run, an 
unanticipated increase in money supply or real government 
purcases will lead output, price level, and employment level 
to rise, implying a decrease in the rate of unemployment. 
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C. Simulation and Forecasting 
1. The predicted values of endogenous variables 
After having the coefficients of the reduced forms, we 
would like to compare the predicted with the actual values 
of endogenous variables for the sample period . Using 
equation (4.18), we substitute the observations of exogenous 
variables into matrix X to generate 66 quarterly predictions 
for each of the endogenous variables. The predicted and 
actual values of endogenous variables are shown in Tables 2 
and 3. 
Since price expections are unobservable, we list pt in 
Table 2 and compare them with the actual values of prices. 
From Tables 2 and 3, we note that the predicted values are 
close to the corresponding actual values for all the 
endogenous variables except interest rate. 
2. The forecasts 
To check the forecasting ability of our model, we 
generate a set of forecast values for each endogenous 
variable . The procedure of calculation is similar to the 
derivation of predicted values. In this paper, we calculate 
forecast values of endogenous variables from the first 
quarter of 1980 to the third quarter of 1982. The values of 
exogenous variables are the actual values of m, g, k, n, and 
t. The values of lagged endogenous variables, pt-l and 
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TABLE 2 . The actual and predicted values of y and p 
Real GNP GNP Def la tor 
a a Period Yt Pt 
Actual Predicted Actual Predicted Expected 
1963 III 6.7320 6.7001 4.2710 4 .2 713 4 . 2712 
IV 6.7416 6.7157 4.2776 4.2753 4 . 2753 
1964 I 6.7582 6.7267 4. 2806 4.2828 4 . 2827 
II 6.7708 6.7428 4.2839 4.2845 4 . 2844 
III 6.7805 6.7682 4.2894 4.2886 4 . 2885 
IV 6. 7843 6.7806 4.2917 4 . 2944 4.2943 
1965 I 6.8057 6.7954 4.2999 4.2958 4 . 2957 
II 6.8205 6.7989 4. 3049 4.3061 4. 3060 
I I I 6.8377 6.8198 4.3116 4.3115 4.3114 
IV 6.8586 6.8408 4 . 3166 4 . 3187 4.3186 
1966 I 6.8769 6 .8628 4 . 3264 4.3234 4.3232 
I I 6.8838 6.8654 4.3382 4 . 3351 4.3350 
III 6 .8931 6.8620 4 . 3441 4 . 3484 4.3482 
IV 6.9005 6 . 8651 4.3532 4.3534 4 . 3533 
1967 I 6.9021 6.8812 4 . 3591 4.3640 4.3639 
II 6.9091 6.8990 4.3628 4.3670 4 . 3669 
III 6 .9213 6.9257 4.3724 4. 3698 4.3696 
IV 6.9290 6.9363 4.3839 4.3816 4.3814 
1968 I 6 .9387 6.9438 4 . 3967 4.3962 4 . 3960 
II 6.9560 6.9607 4.4082 4.4101 4.4099 
III 6.9677 6.9760 4.4174 4.4183 4 . 4181 
IV 6.9705 6.9974 4. 4312 4.4287 4 . 4284 
1969 I 6.9799 7.0042 4.4421 4.4421 4.4419 
I I 6 .9844 7 .0083 4.4549 4.4531 4.4529 
III 6.9879 6.9982 4.4705 4.4685 4.4683 
IV 6 . 9824 6.9940 4 . 4827 4.4854 4 . 4852 
1970 I 6.9788 7 .0006 4 . 4977 4 . 4958 4.4957 
II 6.9792 7.0019 4 .5099 4.5109 4.5108 
III 6.9866 7.0136 4.5190 4.5225 4 . 5223 
IV 6.9767 7.0266 4.5325 4.5297 4.5295 
1971 I 6.9988 7.0398 4.5475 4.5452 4 .5450 
II 7.0061 7.0557 4.5615 4.5597 4.5595 
III 7.0130 7.0604 4.5699 4.5721 4 . 5719 
IV 7.0215 7.0673 4 . 5787 4.5803 4 . 5801 
1972 I 7.0398 7 . 0940 4.5927 4.5904 4.5901 
II 7 . 0588 7.0961 4.5998 4.6056 4 . 6054 
III 7.07 16 7. 1209 4.6081 4.6140 4.6138 
a 
and Yt pt are the log of real GNP and price level, in 
1972 dollars, seasonally adjusted at annual rates. 
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TABLE 2. (continued) 
Real GNP GNP Def la tor 
Period a a Yt Pt 
Actual Predicted Actual Predicted Expected 
IV 7 . 0919 7.1471 4.6194 4.6221 4.6218 
1973 I 7.1146 7.1512 4.6337 4 . 6356 4.6353 
II 7.1157 7.1608 4.6506 4 . 6527 4 . 6524 
III 7.1199 7.1525 4.6688 4 . 6692 4.6690 
IV 7.1250 7.1558 4.6918 4 . 6914 4.6911 
1974 I 7.1149 7.1551 4.7121 4.7135 4.7132 
II 7.1103 7.1464 4.7392 4.7347 4.7345 
III 7.1041 7.1267 4.7666 4.7648 4.7646 
IV 7.0898 7.1195 4 . 7963 4.7899 4.7898 
1975 I 7 . 0661 7.1042 4.8216 4 . 8184 4.8183 
II 7.0816 7.1106 4.8358 4.8409 4.8408 
III 7.1066 7.1183 4 . 8536 4.8486 4.8485 
IV 7.1131 7.1102 4.8686 4 . 8695 4.8694 
1976 I 7 .1385 7.1204 4 . 8775 4.8827 4 . 8826 
I I 7. 1447 7.1355 4.8888 4.8870 4.8870 
I II 7. 1524 7.1388 4.9005 4.9008 4 . 9007 
IV 7.1609 7.1559 4 . 9151 4.9136 4.9135 
1977 I 7.1821 7.1708 4.9297 4.9287 4.9286 
II 7.1938 7.1779 4.9483 4.9437 4.9436 
III 7 . 2107 7.1818 4.9600 4.9653 4 . 9652 
IV 7.2162 7.2018 4.9754 4.9755 4.9754 
1978 I 7 . 2210 7.2068 4.9908 4.9924 4.9923 
II 7.2408 7.2240 5.0161 5.0099 5 . 0098 
III 7.2494 7.2218 5.0334 5.0378 5 . 03 76 
IV 7.2631 7.2288 5.0542 5.0547 5.0546 
1979 I 7.2659 7.2221 5.0766 5.0771 5.0770 
II 7.2600 7.2328 5.0987 5 . 1010 5 . 1009 
III 7.2677 7.2439 5.1192 5.1206 5.1205 
IV 7.2729 7.2428 5.1400 5.1397 5 .1396 
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TABLE 3. The actual and predicted values of r and n 
Nominal Interest Rate Employment 
Period 
a 
rt nt 
Actual Predicted Actual Predicted 
1963 III 4.31 6.2705 4.2195 4 . 1989 
IV 4.35 6.4311 4.2233 4.1988 
1964 I 4.38 6.8113 4.2285 4 . 1977 
II 4.41 6.6889 4.2399 4 . 2040 
III 4.42 5.5539 4.2410 4 . 2213 
IV 4.43 5.5262 4 . 2443 4 . 2265 
1965 I 4.42 5.2318 4.2512 4.2336 
II 4.46 6.1395 4 . 2612 4.2304 
III 4.52 5.5971 4.2679 4.2453 
IV 4.68 5.1338 4.2743 4.2610 
1966 I 4.89 4.4156 4.2791 4 . 2776 
II 5.07 5.2216 4.2849 4.2751 
I II 5. 34 6.7873 4.2917 4.2672 
IV 5.31 7.5747 4.2994 4.2664 
1967 I 5.09 7.3224 4.2983 4 . 2793 
II 5 . 42 6.7584 4.3041 4 . 2944 
III 5.70 5.4999 4.3137 4.3183 
IV 6.14 5.3940 4 . 3204 4.3260 
1968 I 6.14 5.7077 4.3189 4 . 3309 
II 6.26 5.2737 4 .3301 4 . 3452 
III 6.03 4.7575 4.3321 4.3581 
IV 6.41 3.6779 4.3373 4.3772 
1969 I 6.78 3.6700 4. 3460 4.3815 
II 6.95 4.0365 4 . 3516 4.3833 
I II 7.15 5 .3378 4 . 3587 4.3708 
IV 7.66 6.2703 4.3641 4 . 3646 
1970 I 7.87 6.2033 4.3667 4.3696 
II 8.34 6.5527 4.3648 4.3692 
III 8 . 08 6.2381 4.3646 4.3794 
IV 7.68 5.8736 4.3649 4.3911 
1971 I 7.18 5.3874 4.3659 4 . 4027 
II 7.60 4.6175 4.3690 4.4169 
III 7 .47 5.0620 4.3759 4 . 4201 
IV 7.23 5.1604 4. 3849 4.4253 
1972 I 7 .2 7 3.8360 4.3971 4.4505 
I I 7.25 4.2446 4.4052 4 . 4508 
III 7.21 2.8350 4.4122 4.4741 
IV 7 .12 1. 4579 4.4189 4.4986 
1973 I 7 .26 1. 8626 4.4289 4.5009 
a 
is the log of employment level. nt 
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TABLE 3. (continued) 
Nominal Interest Rate Employment 
Period rt 
a 
n t 
Actual Predicted Actual Predic ted 
1973 II 7.37 1.5071 4.4403 4.5088 
I II 7.64 2.8147 4.4465 4.4987 
IV 7 . 73 3.1832 4.4571 4 . 5003 
1974 I 8 . 04 4.0642 4.4626 4 . 4982 
II 8.52 5.4186 4.4640 4.4882 
III 9. 17 7 . 5999 4.4668 4.4675 
IV 8.87 8.7297 4.4612 4.4594 
1975 I 8.75 10.5416 4.4468 4.4436 
II 8.84 10.7019 4.4466 4.4498 
II I 8.91 10.7631 4.4559 4 . 457 1 
IV 8.72 12.0586 4. 4601 4 . 4484 
1976 I 8 . 49 11.7690 4.4738 4 . 4580 
II 8.59 11.0508 4.4840 4.472 4 
I II 8 . 38 11.3474 4 . 4905 4.4750 
IV 8 . 06 10 . 5628 4.4950 4.4914 
1977 I 8 . 06 10.0608 4.5038 4 . 5055 
II 7.98 10.2434 4.5181 4.511 6 
III 7.98 10.6591 4 . 5262 4.5144 
IV 8.23 9.7245 4.5395 4.5335 
1978 I 8.50 9.8723 4.5490 4.5375 
II 8.78 9.1318 4.5625 4.5537 
III 8 . 76 10.0540 4.5688 4 . 5505 
IV 9.15 10.1521 4 . 5789 4.5565 
1979 I 9.34 11.1942 4.5871 4.5488 
II 9.33 10.8141 4.5885 4 . 5586 
III 9.60 10.5507 4.5963 4 . 5689 
IV 10.86 11.3934 4.6017 4 . 5670 
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pt_
2
, are fed by their predicted v alues. Usi ng equation 
(4.18), the forecast values for endogenous variables thu s 
can be obtained. For comparison, the forecast and actual 
values of endogenous variables are listed in Tables 4 and 5 . 
TABLE 4 . The actual and forecast values of y and p, 
1980I - 1982III 
Real GNP GNP Def la tor 
Period a a Yt Pt 
Actual Forecast Actual Forecast Expected 
1980 I 7.3098 7 . 2351 5.1492 5.1631 5 .1630 
II 7.2847 7.2140 5.1733 5.1872 5.1871 
III 7 . 2888 7.2381 5.1963 5.2017 5.2107 
IV 7.2994 7 . 2991 5.2214 5.2269 5.2269 
1981 I 7.3184 7.2535 5.2470 5 . 2437 5.2437 
II 7.3147 7.2522 5.2637 5.2587 5.2587 
III 7.3201 7.2490 5.2853 5 . 2743 5 . 2743 
IV 7.3066 7.2653 5.3063 5.2900 5.2899 
1982 I 7.2935 7.2737 5.3167 5.3015 5.3014 
II 7.2987 7.2752 5.3279 5.3116 5.3116 
III 7.3005 7.2961 5. 3400 5.3204 5.3203 
a 
Yt and Pt are the log of real GNP and price level, 
respectively, in 1972 dollars, seasonally adjusted at annual 
rates . 
From Tables 4 and 5, it is clear that most of our 
forecasts for endogenous variables are close to their a ctua l 
values. The results of Tables 2 to 5 are also shown 
graphically in Figures 1 to 5, in which the actu al, 
predicted, and forecast values for each endogenous variable 
are plotted . 
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TABLE 5. The actual and forecast values of r and n, 1980I -
1982I II 
Nominal Interest Rate Employment 
a Period rt nt 
Actual Forecast Actual Forecast 
1980 I 12.14 12 .96 4.6030 4.5583 
II 11. 20 15.30 4.5947 4.5364 
III 11. 57 13.79 4.5952 4 . 5601 
IV 12 . 83 14.26 4.6001 4.5605 
1981 I 13.16 13.87 4.6064 4.5741 
I I 13.65 14.41 4.6130 4.5720 
III 14.92 15.35 4.6117 4.5680 
IV 14.62 14.87 4 . 6056 4.5836 
1982 I 15 . 71 14 .65 4.6007 4.5917 
II 15 . 73 14.90 4.6026 4.5927 
I I I 14. 25 14.09 4.6028 4.6132 
a 
nt is the log of employment level . 
Looking at Figures 1 to 5, we note that the predicted 
values of yt, pt, and nt do seem to track the actual v alues 
well. They all successful l y predict most of the turning 
points of the actual values, i.e., they can predict the 
sudden changes in the actual data. The predicted values of 
interest rate rt, however, do not track satisfactorily, they 
are overestimated in the ends of the sample period and 
underestimated in the middle of the sample period. But they 
still reflect the changes of the actual interest rate 
roughly. 
Comparing t he actual values with the forecast v alues, 
we note that not only the forecast values of yt' pt' and nt 
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but also the forecast values of rt track the actual values 
well. Most of the sudden changes in the actual values can 
be forecasted and the differences between the actual and the 
forecast values are small. Hence, in general, the 
simu lation and forecasting of our model are satisfactory. 
56 
V. SUMMARY AND CONCLUSIONS 
This paper has developed a simple dynamic mac r oeco nomic 
model in a c l osed economy. The main issue i s t o test the 
natural rate hypothesis. In our model, p r ice expec tations 
are involved in the price adjustment equation. Since the 
expected p r ice level is unobservable, it h a s to be repla c ed 
by a proxy when we estimate the model. The t wo ways o f 
price expectations employed in the present p a per a r e 
adaptive expectations approach and rational expec t a t i ons 
approach. 
After building the theoretical model, we postulat e a 
stati stical model. The structural parameters of each 
equation are estimated by using the two sta g e least squares 
method fi r st. If the disturbances in an equat i on are 
serially correlated, we reestimate its par a me t ers by u s ing 
the modified two stage least squares met hod. Th e da t a u s ed 
are quarterly observations over period 1963 - 19 7 9 . The 
results strongly support the hypothesis of natural rate o f 
unemployment or output, under the rationa l p rice 
expectations assumption. 
In order to know the short-ru n effect s of exogenous 
variables, the reduced forms of endogenou s v a r iabl es hav e 
been deri ved by using the estimates obtaine d f r om the mod el 
with the assumption of rational expectation s. The sign s of 
coefficients of the reduced forms are consistent with our 
57 
theoretical analysis. Furthermore, in order to evaluate our 
model, the predicted values of endogenous variables for the 
sample period (1963-1979) and the forecast values beyond the 
sample period (1980I-1982III ) have been calculated. The 
results show that our model works well. In summary, this 
paper gives some evidence of natural rate hypothesis, i.e., 
an unanticipated increase in government purchases or nominal 
money supply leads price level, output, and employment to 
rise, unemployment to decrease in the short- run; after 
expected prices are fully adjusted, output, employment, 
and unemployment will return to their natural rates. 
Finally, although most of the results are satisfactory, 
we still have to do more in the future to improve a few 
inconsistent results. For example, we have few inconsistent 
estimates in the results of estimating the structural 
parameters, and the predicted values of interest rate 
obtained in simulation do not track the actual values well. 
There are two ways to improve the results. The first is to 
use better methods to obtain the estimates. As well - known , 
the two stage least squares method is not the most efficient 
way to estimate a system of simultaneous equations. It does 
not deal with the intercorrelation among structural 
disturbances. On the contrary, the three stage least 
squares method takes into account the intercorrelated 
problem. It is more efficient than two stage least squares 
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method and its estimator is asymptotically equivalent to 
the full information maximum likelihood estimator. For 
computational simplicity, we choose two stage least squares 
procedure in this paper. If we want to obtain more 
efficient estimates of a simultaneous equations model, the 
three stage least squares method should be applied to 
improve our est imates of structural parameters, which i n 
turn will improve the impact multipliers, simulation, and 
forecasting. The second way is to improve the theoretical 
development. There are many things can be done i n this 
aspect . For instance , capital stock can be endogenized, 
interest rate can be modified to be real values instead of 
being nominal values, money demand can be changed to be a 
function not only of real output and nominal interest rate 
but also of the anticipated rate of inflation. 
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VIII . APPENDIX 
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TABLE 6. Actual values of endogenous variables, 19 63 - 1979 
GNP Interest 
Period Real GNP Def la tor Employment Rate (Aaa) 
(billion) (million) (%) 
y a 
t pt Nt rt 
1963 I 813 . 5 71.32 67 .149 4.20 
II 823 . 7 71. 37 67 . 63 5 4 . 22 
I II 838.8 71. 59 67.996 4.31 
IV 846.9 72.07 68 .258 4.35 
1964 I 861. l 72.28 68.614 4 . 38 
II 872.0 72.52 69.402 4.41 
III 880.5 72.92 69.480 4.42 
IV 883.9 73.09 69.710 4.43 
1965 I 903.0 73.69 70. 188 4.42 
II 916.4 74.06 70.897 4.46 
III 932.3 74.56 71.369 4.50 
IV 952.0 74.93 7 1. 827 4.68 
1966 I 969.6 75 . 67 72 .173 4.89 
II 976.3 76 . 57 72 . 594 5 . 07 
II I 985.4 77.02 73.088 5.34 
IV 992.8 77.73 73 .657 5.31 
1967 I 994 .4 78.19 73.572 5.09 
I I 1001.3 78 . 48 74 .001 5 . 42 
III 1013.6 79.23 74 . 714 5.70 
IV 1021. 5 80.15 75.216 6.14 
1968 I 1031.4 81.18 75. 103 6.14 
II 1049.4 82.12 75 . 95 0 6 . 26 
III 1061.8 82.88 76.101 6.03 
IV 1064.7 84.03 76 . 499 6.41 
1969 I 1074.8 84.95 77 .166 6 . 78 
II 1079.6 86.05 77.605 6.95 
I II 1083.4 87.40 78. 153 7 . 15 
IV 1077.5 88.47 78. 575 7.66 
1970 I 1073.6 89.81 78.780 7.87 
II 1074 .l 90 . 91 78.636 8.34 
III 1082.0 91.74 78 .616 8.08 
IV 1071.4 92.99 78.643 7.68 
1971 I 1095.3 94.40 78.717 7.18 
II 1103.3 95.73 78. 961 7. 60 
III 1111.0 96.53 79.511 7 .47 
IV 1120 .5 97.39 80.229 7 .23 
1972 I 1141.2 98.76 81.213 7.27 
a 
is the real Yt GNP in 1972 do l lars, seasonally 
adjusted at annual rates. 
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TABLE 6. (continued) 
GNP Interest 
Period Real GNP Def la tor Employment Rate (Aaa) 
(billion) (million) (%) 
Ya 
t pt Nt rt 
II 1163.0 99.46 81. 875 7.25 
III 1178.0 100.29 82.450 7.21 
IV 1202.2 101 .43 83.002 7.12 
1973 I 1229.8 102.89 83.842 7.26 
II 1231.1 104.65 84 .797 7.37 
III 1236.3 106.57 85 .330 7.64 
IV 1242. 6 109.05 86.236 7.73 
1974 I 1230 . 2 111. 28 86.709 8.04 
II 1224.5 114 . 34 86.834 8.52 
III 1216.9 117.52 87.079 9.17 
IV 1199.7 121. 06 86.588 8.87 
1975 I 1171.6 124 .16 85.357 8.75 
II 1189.9 125.94 85.332 8.84 
III 1220.0 128.20 86.136 8.92 
IV 1227.9 130. 14 86.497 8.72 
1976 I 1259.5 131.30 87.686 8.49 
II 1267.4 132.80 88.591 8.59 
III 1277.1 134.35 89.163 8. 38 
IV 1288.1 136.33 89.570 8.06 
1977 I 1315.7 138. 34 90.359 8.06 
I I 1331. 2 140.93 91 . 661 7.98 
II I 1353.9 142.59 92.409 7.98 
IV 1361.3 144.81 93.639 8.23 
1978 I 1367.8 147.05 94.537 8.50 
II 1395.2 150.82 95.826 8.78 
III 1407.3 153.46 96.425 8.76 
IV 1426.6 156 . 68 97.405 9.15 
1979 I 1430.6 160.22 98.206 9.34 
II 1422.3 163 . 81 98. 349 9.33 
III 1433.3 167.20 99.1 12 9.60 
IV 1440.7 170.71 99.653 10.86 
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TABLE 7. Actual values of exogenous variables, 1963 - 1979 
Real Real Nominal Full 
Government Capital Money Employment 
Period Trend Purchase Stock Supply 
(billion) (billion) (billion) (million) 
Ga Kb -t Mt Nt t t 
1963 I 1 195.9 46 . 23 150.2 71. 277 
II 2 195 .l 95 . 81 151. 4 71. 718 
III 3 199.2 149 . 71 152.9 71. 958 
IV 4 200 . 2 204.17 154.2 72.296 
1964 I 5 201 .7 258.46 155.5 72.584 
II 6 203.5 313.65 156.7 73.234 
III 7 202.4 368.37 159.8 73.138 
IV 8 203.2 424.27 161.3 73.353 
1965 I 9 202 .5 492 . 09 162.5 73.792 
II 10 207.2 560.65 163.3 74 . 369 
I II 11 211. 3 632.28 165.9 74. 626 
IV 12 217 .4 703.07 168.8 74 .909 
1966 I 13 220.7 781.47 171.6 75.072 
II 14 224.4 862.54 172.7 75.477 
III 15 233.4 939.03 172 . 9 75.946 
IV 16 238.6 1015.22 172.9 76 . 483 
1967 I 17 244 . 3 1080.66 175.9 76.496 
II 18 247 . 3 1140.86 178.0 76.940 
III 19 250.4 1206 .44 181. 5 77 . 663 
IV 20 251.3 1277.16 184.2 78 . 292 
1968 I 21 255 . 8 1343.30 186 . 8 78 . 021 
II 22 260.2 1414 .13 190.9 78.746 
I I I 23 260.9 1483.30 193.9 78.880 
IV 24 260 . 0 1554.62 198.5 79 . 195 
1969 I 25 257.6 1630.76 201.3 79.874 
I I 26 258.4 1707.46 203.0 80.367 
III 27 255.7 1784 . 45 203 . 2 81. 074 
IV 28 255.l 1850.49 204.7 81.505 
1970 I 29 252.2 1910.88 207.0 82.210 
II 30 249.2 1970 . 75 209.3 82.565 
III 31 249 . 2 2031. 53 212.7 82.912 
aG 
t is the real government purchase of goods and 
services in 
rates. 
1972 dollars, seasonally adjusted at annual 
bK 
t is the real capital stock in 1972 dollars, 
seasonally adjusted at annual rates. 
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TABLE 7. (continued) 
Real Real Nominal Full 
Government Capi tal Money Employment 
Period Trend Purchase Stock Supply 
(billion) (billion) (billion ) (million) 
t Ga t 
Kb 
t 
-
Mt Nt 
IV 32 250.3 2087 .55 215.4 83.498 
1971 I 33 249.2 2152.93 220.1 83.676 
II 34 246.8 2224.60 225.3 83.929 
III 35 250.5 2294 .11 227.5 84.581 
IV 36 251. 0 2364.52 229.4 85.318 
1972 I 37 254.l 2443.38 235.7 86.208 
II 38 253.2 2525 .42 238.4 86.810 
III 39 252 . 0 2610.23 244.4 87.351 
IV 40 253.2 2701 . 73 250.6 87 . 675 
1973 I 41 255 . 2 2797 . 43 253.3 88.232 
II 42 251.2 2893.43 258 . 6 89 . 181 
III 43 251. 8 2986.43 259 . 4 89.650 
IV 44 252.0 3083 . 83 264.4 90.579 
1974 I 45 256.2 3166.03 268.3 91. 379 
II 46 257.6 3239.53 270.3 91 . 584 
III 47 258.5 3298.53 272.1 92.253 
IV 48 258.3 3350.23 275.7 92.688 
1975 I 49 259.3 3374.43 278.2 93.023 
II 50 261. 6 3386 . 03 284.4 93.619 
III 51 263.8 3416.73 286.8 94 . 128 
IV 52 265.7 3441.53 289.0 94.309 
1976 I 53 264 . 7 3486 . 43 293.8 95.049 
II 54 262.9 3534.53 297.6 95.826 
III 55 262.7 3582.33 300 . 9 96.626 
IV 56 262.6 3631.03 307 . 7 97.102 
1977 I 57 264.5 3694 . 33 314.6 97.703 
II 58 267.6 3764.23 319.3 98.696 
III 59 270.3 3840.63 325.3 99.244 
IV 60 271.5 3911.83 332.5 100.294 
1978 I 61 270.7 3987 . 53 337.8 100.915 
II 62 271.3 4069.33 347.0 101.941 
III 63 274.7 4146.73 353 . 8 102.596 
IV 64 276.0 4225.83 359.9 103.495 
1979 I 65 274.7 4302.93 363.9 104.327 
II 66 272.4 4382.13 374.3 104.316 
III 67 273 .l 4451. 93 383.2 105.624 
IV 68 276 .9 4514.73 387.7 105.972 
